A retrospective study aimed to investigate the association between the CRP to albumin ratio and prognosis in patients with resectable non-metastatic breast cancer in terms of disease-free survival (DFS) and overall survival (OS) using propensity score matching.
Background
Worldwide, breast cancer remains the most primary malignancy in women [1] . Although surgery and adjuvant chemoradiotherapy can result in clinical benefit for patients, a proportion of patients develop relapse and metastases, resulting in the high rate of mortality from breast cancer [2] . Current methods used to evaluate patient prognosis in breast cancer include hormone receptor status, determination of the tumor node metastasis (TNM) stage, detection of circulating tumor cells, and gene profiling [3, 4] . However, the identification of these prognostic factors can take time and can be costly. Therefore, the identification of reliable, economical, and practical prognostic markers remains a challenge for the prediction of individual patient survival that can improve patient management.
Recent studies have shown that inflammation and nutritional status are significantly associated with carcinogenesis and tumor progression [5] . Several inflammatory or nutritional indicators, including the neutrophil to lymphocyte ratio, the platelet to lymphocyte ratio, the prognostic nutritional index, and the Glasgow prognostic score, have been reported to be associated with poor prognosis in patients with several types of malignancy, including breast cancer [6, 7] . Recently, the C-reactive protein (CRP) to albumin ratio, a novel inflammation and nutrition based index, has been reported to be an independent prognostic indicator in several cancers, including gastric cancer [8] , ovarian cancer [9] and cervical cancer [10] . However, the prognostic role of the CRP to albumin ratio in patients with breast cancer remains unknown.
Propensity score matching is a statistical method that can be used to estimate the prognostic role of a diagnostic test by accounting for the covariates that predict patient prognosis. Therefore, this retrospective study aimed to investigate the association between the CRP to albumin ratio and prognosis in patients with breast cancer in terms of disease-free survival (DFS) and overall survival (OS) using propensity score matching.
Material and Methods

Study design and patients
This study was approved by the Ethics Committee of Zhongshan Hospital, Sun Yat-sen University. Signed informed consent was provided by each study participant. This retrospective study included 592 newly diagnosed female breast cancer patients without metastasis who underwent modified radical mastectomy between January 2008 and June 2013 at our institution in a maintained electronic database. A total of 200 patients, 80 with an increased CRP to albumin ratio, and 120 with reduced CRP to albumin ratio met the study criteria and were enrolled in the study.
Patients who were included in the study had a histopathologically confirmed diagnosis of primary breast cancer and underwent detailed preoperative evaluation, including physical examination, hematologic examination, color Doppler ultrasound, mammography, magnetic resonance imaging (MRI), and core needle breast biopsy. Exclusion criteria included patients with non-resectable or metastatic breast cancer, acute or chronic infection, immune diseases, a history of other primary malignancy, an initial diagnosis during pregnancy or lactation, patients who received neoadjuvant chemoradiotherapy, and patients with incomplete clinical records.
Clinical data
All blood specimens were collected and examined before patients received any treatment. Patient demographic and clinicopathological data collected included age, menstrual status, tumor volume, the presence of lymph node metastasis, histological grade (using the Nottingham criteria), the TNM stage, according to the criteria of the American Joint Committee on Cancer (AJCC) (7 th edition), the estrogen receptor (ER), progesterone receptor (PR), and HER2 status, and the treatment protocol. Pretreatment serum CRP and albumin levels were analyzed. The CRP to albumin ratio was determined by dividing the CRP level by the albumin level. The neutrophil to lymphocyte ratio was obtained by dividing the neutrophil count by the lymphocyte count. The platelet to lymphocyte ratio was obtained by dividing the platelet count by the lymphocyte count. In the Glasgow prognostic score, patients with an increased CRP (>10 mg/L) and hypoalbuminemia (<35 g/L) were allocated a score of 2, and patients with one or neither of these abnormalities were allocated a score of 1 or 0 [6] .
Treatment
All patients received standard treatment regimens with modified radical mastectomy, supplemented by radiotherapy, chemotherapy, endocrine therapy, and targeted therapy, if applicable, and with clinical follow-up according to the National Comprehensive Cancer Network (NCCN) clinical guidelines. Overall survival (OS) was defined as the period from initial pathological diagnosis to death (from any cause) or to the last clinical follow-up. Disease-free survival (DFS) was defined the period from initial diagnosis and relapse, death or new primary cancer. All study participants underwent three-monthly follow-up for the first three years, and then once a year until recurrence or death. The last patient follow-up date was December 2018. The survival status and clinicopathological parameters were accessed from the medical records and follow-up telephone interviews.
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Propensity score matching analysis Statistical analysis using propensity score matching was used to estimate the prognostic role of the CRP to albumin ratio by accounting for the covariates that predicted patient prognosis. To minimize selection bias of the retrospective study, a 1: 1 match was performed according to four related covariates, including age, menopausal status, tumor size, and tumor stage to generate propensity scores, and calculated via logistic regression model. Then nearest neighbor matching algorithm with a match tolerance of 0.2 was performed. Standardized differences between both groups no more than 20% were accepted. Finally, a total of 80 patients with a CRP to albumin ratio <0.029 and 120 patients with a CRP to albumin ratio ³0.029 were included in the 80 matched pairs. The risk factors for patient prognosis were investigated between the two matched cohorts.
Statistical analysis
The categorical variables were presented as frequencies and percentages (%). The differences between the clinicopathological characteristics were analyzed using Pearson's chi-squared (c 2 ) test or Fisher's exact test. The optimal cut-off level was determined according to receiver operating characteristic (ROC) curve analysis based on Youden's index. The survival status was calculated by Kaplan-Meier estimates and the log-rank test. Factors associated with survival outcome were evaluated using Cox univariate and multivariate proportional hazard regression analysis. P-values were two-tailed. Statistical significance was assumed to be P<0.05. All data management and statistical analysis were performed using SPSS version 23.0 software (SPSS, Chicago, IL, USA).
Results
Patient demographic and clinicopathological characteristics
As shown in Table 1 , a total of 200 patients with non-metastatic breast cancer were included and evaluated. The median age was 51 years (range, 27-77 years), and 95 (47.5%) patients were postmenopausal. There were 58 (29.0%) patients with TNM stage I, 107 (53.5%) patients with TNM stage II, and 35 (17.5%) patients with TNM stage III breast cancer.
The histopathological subtypes included 184 (92.0%) patients with invasive ductal carcinoma (IDC), and 16 patients with other subtypes. The histological grades included G1 in 38 cases (19.0%), G2 in 134 cases (67.0%), and G3 in 28 cases (14.0%). Breast cancer tumor hormonal status and molecular markers included 118 (59.0%) that were estrogen-receptor (ER)-positive, 103 (51.5%) that were progesterone receptor (PR)-positive, 63 (31.5%) that were HER-2 positive, and 150 (75.0%) that were Ki-67-positive. In 39 (19.5%) cases the tumors showed vascular and neural invasion.
Postoperatively, there were 107 (53.5%) patients who underwent endocrine therapy, 19 (9.5%) patients underwent targeted therapy, 187 (93.5%) patients received chemotherapy, and 48 (24.0%) patients received radiotherapy.
Cut-off values for the C-reactive protein (CRP) to albumin ratio
According to receiver operating characteristic (ROC) curve analysis, the optimal cut-off value for the C-reactive protein (CRP) to albumin ratio for overall survival (OS) was 0.029 with a sensitivity of 81.0% and a specificity of 65.9%. The area under the curve (AUC) was 0.790 (95% CI, 0.685-0.894) (P<0.001) ( Figure 1 ). Also, the CRP to albumin ratio had significantly higher AUC values compared with the neutrophil to lymphocyte ratio of 0.545 (95% CI, 0.432-0.658) (P=0.502), the platelet to lymphocyte ratio of 0.463 (95% CI, 0.308-0.617) (P=0.576), and the Glasgow prognostic score of 0.577 (95% CI, 0.435-0.718) (P=0.251), respectively.
High and low CRP to albumin ratio and prognosis
The total of 200 patients with breast cancer were classified into the high CRP to albumin ratio subgroup ³0.029 (n=80; 40.0%) and the low CRP to albumin ratio subgroup <0.029 (n=120; 60.0%). The associations between the CRP to albumin ratio and clinicopathological characteristics are shown in Table 1 . Compared with the low CRP to albumin ratio group, patients were significantly older in high CRP to albumin ratio group, and there were more patients with postmenopausal status. There were no significant differences for tumor characteristics and method of treatment between the two groups. A 1: 1 propensity score matching analysis based on four related covariates was performed to balance the differences and reduce selection bias between two groups. In the propensity score matching model, the CRP to albumin ratio was found to be significantly correlated with body mass index (BMI) (P=0.0161) and the presence of lymph node metastases (P=0.049). There were no significant differences between the groups for age, menopausal status, therapy method, and other tumor characteristics. An increased CRP to albumin ratio level was significantly associated with cancer recurrence and mortality before and after propensity score matching.
Survival analysis
At a median postoperative follow-up of 60 months (range, 10-120 months) 47 (23.5%) patients experienced relapse, and 179 (89.5%) patients were alive until the last follow-up. 
Discussion
This aim of this retrospective study was to investigate the association with the C-reactive protein (CRP) to albumin ratio and prognosis in patients with breast cancer in terms of Receiver operating characteristic (ROC) curve analysis of the C-reactive protein (CRP) to albumin ratio for survival status of breast cancer patients. ROC -receiver operating characteristic; CI -confidence interval; CAR -C-reactive protein/albumin ratio; PLR -platelet to lymphocyte ratio; NLR -neutrophil to lymphocyte ratio; GPS -Glasgow prognostic ccore. disease-free survival (DFS) and overall survival (OS) using propensity score matching. Propensity score matching was used to estimate the prognostic role of the CRP to albumin ratio by accounting for the covariates that predict patient prognosis. The findings showed that an increased preoperative CRP to albumin ratio was an independent prognostic biomarker associated with reduced OS and DFS in patients with resectable non-metastatic breast cancer. To our knowledge, this study was the first to investigate the clinical value of the CRP to albumin ratio and patient prognosis in breast cancer.
Previously published studies have shown that systemic inflammation and nutritional status have a role in the prognosis of cancer patients. Among the tumor and host interactions, tumor growth and progression are associated with tissue damage and necrosis, activation of the immune response and the production of pro-inflammatory cytokines and chemokines including interleukin (IL)-1, IL-6, vascular endothelial growth factor (VEGF), and tumor necrosis factor (TNF) [11] . Tumor angiogenesis, cell proliferation, invasion, metastasis, and drug resistance are associated with increased circulating levels of inflammatory cytokines. Currently, some inflammation-associated parameters, including the neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and Glasgow prognostic score, which can be assessed by routine blood testing, have been reported to have prognostic significance in malignancy, including breast cancer [12] [13] [14] .
CRP as an acute phase protein that is synthesized by hepatocytes and is regulated by inflammatory cytokines [9] . Increased serum levels of CRP concentrations have been reported to be associated with the activation of the inflammatory response in malignancy [15, 16] . Several epidemiological studies have shown that increased CRP levels are associated with increased risk of breast cancer [17] . In breast cancer, circulating CRP can accelerate angiogenesis by increasing the levels of vascular growth factors and interleukins, promoting tumor cell invasion and metastasis by binding to integrins in the inflammatory microenvironment [18, 19] . Increased serum levels of CRP detected before treatment may indicate the degree of tumor aggressiveness and may be associated with treatment resistance and adverse outcomes in patients with breast cancer [20] [21] [22] .
The CRP to albumin ratio has previously been reported to be a prognostic biomarker for cardiotoxicity during anticancer therapy [23] . Increased CRP levels are usually associated with 
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the reduction in levels of serum albumin due to the suppression of its rate of synthesis in the liver. Serum albumin levels are a commonly used indicator of nutritional status and are also associated with immune status. Malnutrition and hypoalbuminemia are commonly found in patients with cancer, including patients with breast cancer. The pathogenesis of hypoalbuminemia might be due to sustained cancer-associated systemic inflammation and the activation of inflammatory cytokines [24] . Nutritional deficiency suppresses immune defense mechanisms, compromise the response to treatment, and contribute to unfavorable outcomes in patients with cancer [24] . Also, several previously published studies have shown that low preoperative serum albumin concentrations are an independent indicator of poor prognosis in patients with malignancy, including breast cancer [9, 25, 26] . Improvement of nutritional status has a positive impact on quality of life, tolerance to antineoplastic treatment, and survival of patients with breast cancer [27] .
The CRP to albumin ratio is a more comprehensive form of serum marker that reflects both the inflammatory and nutritional status of the patient and has previously been identified as a novel promising prognosis marker in patients with serious infectious disease and several types of cancer [7] [8] [9] [10] 28] .
The findings from a recent meta-analysis assessed the relationship between the CRP to albumin ratio and prognosis in cancer and showed that a high CRP to albumin ratio before treatment was associated with an increased risk of relapse and mortality in patients with nasopharyngeal cancer, esophageal cancer, gastric cancer, liver cancer, pancreatic cancer, lung cancer, oral cancer, and renal cancer [29] . Also, compared with other inflammation-based prognosis scoring systems, the CRP to albumin ratio showed more effective prognostic value and a more accurate discriminatory ability [30] .
However, until the present study, there have been no previous studies on the prognostic value of measuring the CRP to albumin ratio in patients with breast cancer. In the patient cohort investigated in the present study, an increased CRP to albumin ratio was associated with increased patient age, post-menopausal status, and a high risk of cancer recurrence, or death. There was no significant difference between the CRP to albumin ratio and other tumor features, possibly due to the small study sample size. To minimize potential confounding bias, propensity score matching was used to create 61 matched patients with comparable baseline characteristics. The results confirmed that breast cancer patients with an increased CRP to albumin ratio had reduced DFS and OS before and after propensity score matching. Multivariate analysis showed that the preoperative serum CRP to albumin ratio was shown to be an independent predictive marker for the long-term patient outcome (p<0.001), which was in accordance with the results for other types of tumors [8] [9] [10] . Patients with breast cancer patients and a CRP to albumin ratio of ³0.029 had a 2.6-fold increased risk of recurrence and 10.2-fold increased mortality risk compared with patients with a CRP to albumin ratio <0.029. Multivariate analysis also showed that lymph node metastasis status was an independent prognostic indicator of OS.
The results of the present study showed that patients with operable, non-metastatic breast cancer with an increased preoperative CRP to albumin ratio were more likely to have a reduced prognosis and should undergo more frequent follow-up, possibly with supportive anti-inflammatory and nutritional therapy. Compared with traditional prognostic indicators, the CRP to albumin ratio is a simple, economical, and objective biomarker that is routinely available from a routine laboratory blood test at the time before surgical treatment and throughout the treatment process.
This study had several limitations. This was a retrospective cohort study, and selection bias might exist even with the use of propensity score matching to minimize this. The study included a relatively small sample size and short duration of follow-up. Given that many factors may be involved in systemic inflammation and in nutritional status, further comparative studies are necessary to determine the best predictor of outcome among breast cancer patients. The cut-off values for the CRP to albumin ratio remain to be defined as they were relatively lower in this study compared with previous studies in patients with other types of malignancy. The possible reason for this finding might be that the majority of patients enrolled in the present study had early-stage breast cancer. Future prospective, large-scale, multicenter, controlled studies are required to further evaluate the prognostic role of the CRP to albumin ratio to identify high-risk groups in patients with breast cancer that may allow clinicians to choose the best possible adjuvant therapy strategy for individual patients with breast cancer.
Conclusions
The findings of this study showed that using propensity model analysis an increased preoperative serum C-reactive protein (CRP) to albumin ratio was significantly associated with increased recurrence and reduced long-term prognosis in patients with resectable non-metastatic breast cancer. The CRP to albumin ratio can be easily and rapidly performed at low cost, may be used as a prognostic indicator routinely in preoperative clinical assessment and has the potential to contribute to improved management of individual patients with resectable breast cancer.
